Objective To determine mediators of 12-month outcomes of Internet interventions for youth with type 1 diabetes transitioning to adolescence. Methods In this multisite clinical trial, 320 youth were randomized to one of two Internet-based interventions: Coping skills (TEENCOPE TM ) or diabetes education (Managing Diabetes). Mediators of the interventions' effects on glycosylated hemoglobin and quality of life were examined. Data were collected at baseline and at 3, 6, and 12 months. Results Self-efficacy mediated treatment effects on quality of life in both interventions. For TEENCOPE TM
Type 1 diabetes is one of the most common and challenging chronic illnesses affecting youth in the United States, with projected estimates of the incidence increasing by 23%, from 166,018 in 2010 to 203,385 in 2050 (Imperatore et al., 2012) . In adolescence, youth with type 1 diabetes face considerable challenges during this period of physiological, psychosocial, and cognitive development. Adolescents assume greater responsibility for their diabetes self-management, but carrying out a complex and demanding treatment regimen is difficult during a developmental phase when peer acceptance is a priority (Delamater, 2009) . Adolescents with type 1 diabetes often exhibit poorer metabolic control and self-management along with increased psychosocial stress, distress, and lower quality of life (QOL) compared with younger children and adults with type 1 diabetes (Insabella, Grey, Knafl, & Tambolane, 2007) .
Given the challenges faced by adolescents with type 1 diabetes, interventions are needed to improve self-management and protect them against deterioration of metabolic control and poor psychosocial outcomes. Standards of care for youth with type 1 diabetes identify the importance of self-management education (American Diabetes Association, 2013; Silverstein et al., 2005) , and evidence supports that psychosocial interventions focused on selfmanagement have the potential to improve metabolic control of type 1 diabetes as well as QOL in youth (Anderson, Brackett, Ho, & Laffel, 1999; Grey, Boland, Davidson, Li, & Tamborlane, 2000; Laffel et al., 2003; Nansel, Iannotti, & Liu, 2012; Wysocki et al., 2007) . A recent pilot study of an Internet-based psychosocial intervention also had promising results on self-management and problem solving (Mulvaney, Rothman, Wallston, Lybarger, & Dietrich, 2010) . Even in successful interventions, however, the mechanism of change is not always clear, nor which components of the intervention were effective.
While evaluating the main effects of interventions is critical to improving health outcomes, it is equally important to examine moderators and mediators of randomized clinical trials-even those that are unsuccessful-to determine how and for whom interventions may work (Kraemer, Wilson, Fairburn, & Agras, 2002) . Examining mediators provides evidence for the mechanisms of change, which offers direction for program implementation and future research (Kazdin, 2007) . Investigating mediators of interventions also allows for testing the theoretical basis and the effect of interventions on separate outcomes (La Greca, Silverman, & Lochman, 2009 ). Although Internet-based interventions have been successful in improving outcomes in pediatric populations, most have not explicitly tested mediators and moderators of the effects. For example, a family cognitive behavioral therapy delivered over the Internet was successful in reducing pain intensity and improving function in youth with chronic pain (Palermo, Wilson, Peters, Lewandowski, & Somheghi, 2009 ), but the researchers did not test for moderators of the effects. Similarly, an Internet-based educational program for youth with asthma resulted in reduced asthma-related emergencies and a decrease in the daily use of rescue medication (Runge, Lecheler, Horn, Tews, & Schaefer, 2006) . However, the authors did not report on increased asthma knowledge as a mediator of these effects. As Ritterband et al. (2009) note, ''testing which mechanisms of change within the model are responsible for bringing about behavior change . . . is critical to Internet intervention research'' (p. 23). In type 1 diabetes, it is important to test for both mediators and moderators of interventions on psychosocial outcomes, such as QOL, as well as clinical outcomes, such as metabolic control.
Progress has been made in determining moderators of the effects of interventions for youth with type 1 diabetes, such as age (Graue, Wentzel-Larsen, Hanestad, & Søvik, 2005) , gender , and family structure (Ellis et al., 2007) , but few studies have examined mediators of intervention effects. In one of the only studies to do so, the authors found that the positive effects of multisystemic therapy on metabolic control were mediated by increased blood glucose testing (Ellis et al., 2007) . Another study found that improvements in parent-child communication and problem solving mediated the effects of behavioral family systems therapy on metabolic control, adherence, and family conflict (Wysocki et al., 2008) . To our knowledge, no other research on mediators of intervention effects in youth with type 1 diabetes has been conducted.
The Current Study
The conceptual framework for this study was based on a stress-adaptation model (Pollock, 1986 ) that describes the process of adaptation specific to youth with type 1 diabetes (Whittemore, Jaser, Guo, & Grey, 2010) (Figure 1 ). How youth adapt to the stress of diabetes is impacted, or mediated, by the ways in which they cope with the stress of diabetes , their self-efficacy for diabetes management (Johnston-Brooks, Lewis, & Garg, 2002) , their social competence (Edgar & Skinner, 2003) , and family functioning (Anderson et al., 2002; Cohen, Lumley, Naar-King, Partridge, & Cakan, 2004; Wysocki et al., 2009 ). Thus, improvements in QOL and metabolic control are proposed to occur through changes in coping, self-efficacy, social competence, self-management, and family conflict. Our research team designed two Internet -based psycho-educational interventions-TEENCOPE TM and Managing Diabetes-to impact these mediating factors. We demonstrated that both the education (Managing Diabetes) and coping skills training (TEENCOPE TM ) interventions improved QOL in adolescents with type 1 diabetes over 12 months, but metabolic control did not improve in either intervention group . The purpose of the current study was to examine the proposed mediators (coping, self-efficacy, social competence, self-management, and family conflict) of the effects of two Internet -based interventions on the primary outcomes of metabolic control and QOL.
Method
The current study was a multisite clinical trial aimed at comparing the efficacy of two Internet psycho-educational interventions for youth with type 1 diabetes transitioning to adolescence (TEENCOPE TM and Managing Diabetes) (Grey et al., 2000) . Further, a monitored online discussion board allowed TEENCOPE TM participants to communicate with other youth enrolled in the study. The educational intervention, Managing Diabetes, used a visually appealing and highly interactive interface to present diabetes education (American Diabetes Association, 2013; Silverstein et al., 2005) . This program included tailored problem-solving exercises on healthy eating, physical activity, glucose control, sick days, and diabetes technology. The programs were developed with feedback from adolescents with type 1 diabetes and input from diabetes educators (Whittemore, Grey, Lindemann, Ambrosino, & Jaser, 2010) . Each program had five sessions that were released weekly, and each session took approximately 30 min to complete. Participation was high, with 77% of TEENCOPE TM and 79% of Managing Diabetes participants completing at least 4 of 5 sessions, and 52% of TEENCOPE TM participants contributing to the online discussion board. Satisfaction was also high (mean score ¼ 3.9 of 5).
Participants
Youth with type 1 diabetes (n ¼ 320) participated in this study. A convenience sample was recruited from four clinical sites: Children's Hospital of Pennsylvania, University of Arizona, University of Miami, and Yale University. Youth were eligible if they were diagnosed with type 1 diabetes for at least 6 months, aged 11-14, had no other significant medical problems, were able to speak and write English, and had access to high-speed Internet at home, school, or in the community. The mean age was 12.3 AE .1 years, diabetes duration was 6.1 AE 3.5 years, and the mean glycosylated hemoglobin (HbA1c) level was 8.3 AE 1.5%. Nearly 59% used pump therapy, 55% were female, and 65% were White, non-Hispanic, 19% Hispanic, 8% Black, and 8% Other. About 50% of the families reported annual income !$80,000.
Procedure
Institutional review boards at all clinical sites approved the study. Youth and parents were recruited from outpatient diabetes clinics, and trained research personnel obtained informed consent/assent. Parents provided demographic data at the time of enrollment, and youth were provided instructions for secure, online collection of psychosocial data at baseline and at 3, 6, 12, and 18 months. Only data up to 12 months were used in the current analysis, as participants were invited to crossover to the other intervention after 12 months. If online data collection was not completed within 3 months of enrollment, youth were considered as passively refusing study participation. 
Measures
All measures have been used previously in studies of adolescents with type 1 diabetes. Psychometric information on each measure is provided in Table I . Metabolic control was measured by HbA1c, an indicator of the metabolic control over the past 8-12 weeks, using the DCA2000 (Bayer, Tarrytown, NY) in the majority of participants. Very few (3%) results were done by outside laboratories, and these results were not significantly different from those from the DCA2000. 
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Completed 12 month data (n=113) (Varni, Seid, & Kurtin, 1999) . This instrument consists of 23 items that measure health-related QOL, with higher scores reflective of better QOL.
Coping was assessed with the Responses to Stress Questionnaire (Connor-Smith, Compas, Wadsworth, Thomsen, & Saltzman, 2000) , in which adolescents reported on how they responded to diabetes-specific stressors with 57 items. The four factors included in the current study were primary control coping (problem solving, emotional modulation, emotional expression), secondary control coping (positive thinking, cognitive restructuring, acceptance, distraction), disengagement coping (avoidance, denial, wishful thinking), and stress reactivity (physiological arousal, rumination). Proportion scores were used to control for response bias, and higher scores indicate that adolescents reported greater use of that type of coping in relation to their total coping. Cronbach's alpha ranged from 0.77 to 0.88 in our sample.
The Self-Efficacy for Diabetes Scale measures youth perceptions about their personal competence and resourcefulness for successfully managing their diabetes (Grossman, Brink, & Hauser, 1987) . The diabetes-specific self-efficacy subscale (24 items) was used in this study, with lower scores indicative of higher self-efficacy.
The Self-Management of Diabetes-Adolescents (Schilling et al., 2009 ), a 52-item self-report measure, was used to evaluate adolescents' self-management. The subscales Collaboration with Parents, Diabetes Care Activities, and Diabetes Problem Solving were used in this analysis. Higher scores indicate better self-management.
Social competence was measured with the social acceptance subscale (five items) of the Self-Perception Profile for Adolescents scale (Harter, 1988) . Higher scores reflect greater perceived social competence, such as satisfaction with number of friends.
The Diabetes Family Conflict Scale was used to evaluate diabetes-related treatment conflict (Hood, Anderson, Butler, & Laffel, 2007) . This 19-item scale measures conflict between family members on diabetes management activities, and higher scores on this scale are indicative of greater diabetes-related conflict.
Data Analyses
The sample and each of the variables were described using frequency distributions and appropriate summary statistics. Group differences at baseline were tested with t-tests or chi-square. In this article, we focused on the theoretical mediators of the intervention effects, or the factors expected to change as a result of the interventions. To test this, we examined the association between changes in the proposed mediators with changes in outcomes. Because participants were randomized to the two different interventions, each targeting different theoretical constructs, the change in outcomes may be attributed to the interventions. Mediation effects were examined in each intervention group (TEENCOPE TM or Managing Diabetes) separately using a mediation analysis approach proposed for withinsubject designs (Judd, Kenny, & McClelland, 2001) , to show the specificity of mediators by condition. The advantage of this approach is that it can detect the association between a changed mediator and changed outcome after removing effects from the variability of cross-sectional correlations. All potential mediators were standardized with the means and standard deviations from the total sample. The mediation analysis was performed with the following steps: (1) the change in mediator from baseline at 12 months was estimated from a mixed-effects model controlling for demographics (i.e., gender, child age, race, duration of diabetes, household income, therapy type, and study site); (2) the effect of the change in mediator on the improvement of outcome (HbA1c/QOL) within subjects was tested after controlling for the variability of cross-sectional correlations between the mediator and outcome over time as well as the demographic covariates; and (3) the final multivariate model was a mixed-effects model developed to determine whether the mediators that showed a significant change over 12 months were associated with a significant change in outcomes at 12 months.
Results

Preliminary Analyses
The two groups were comparable at baseline, with the exception of years of parental education, with those in Managing Diabetes having 0.7 years more education (Table II) . There were, however, significant differences across the four sites in race/ethnicity, income, therapy type (pump or injections), parent education, and HbA1c, and these were controlled in the analyses.
Direct Effects of Interventions on Outcomes
In the intent-to-treat analysis, both intervention groups had slight increases in However, there were no significant differences between the two interventions on primary outcomes over 12 months of follow-up .
Effects of Intervention on Mediators
In the TEENCOPE TM group, there were significant changes in self-efficacy, primary control coping, secondary control coping, stress reactivity, and collaboration with parents, after controlling for demographic variables (Table III) . In the Managing Diabetes group, there were significant changes in self-efficacy, collaboration with parents, problem solving, and social acceptance (Table II) .
Mediation Analyses of Intervention Effects on Outcomes
There were differences in significant mediators across the two programs. For youth in TEENCOPE TM , improvements in self-efficacy (p ¼ .002), primary control coping (p < .001), secondary control coping (p < .001), and stress reactivity (p < .001) were associated with improvement in QOL (Table III) . For youth in Managing Diabetes, improvements in self-efficacy (p < .001) and social acceptance (p < .001) were associated with improvements in QOL (Table II) . Self-management and family conflict were not significant mediators of the effects of either program on QOL. There were no significant mediators for HbA1c in either of the programs.
Discussion
This study examined the theoretically proposed mediators of two Internet psycho-educational programs for young adolescents with type 1 diabetes, both of which had a positive effect on QOL. Youth who received the TEENCOPE TM intervention reported increased use of adaptive coping strategies (i.e., greater primary control and secondary control coping) and a decrease in stress reactivity, which mediated the effects of the intervention on QOL. Youth who received an educational intervention reported increased social competence, which mediated the positive effects of the intervention on QOL. In addition, self-efficacy improved in both groups, which also mediated the positive effects of the interventions on QOL. Results of the mediation analysis support several hypothesized relationships of the theoretical framework that guided the study , and suggest that components of both diabetes education and coping skills may help to achieve better QOL outcomes in youth with type 1 diabetes. Self-efficacy is recognized as a central factor contributing to behavioral change and adherence to treatment regimens in youth with type 1 diabetes (Johnston-Brooks et al., 2002) . Many psycho-educational interventions for youth with type 1 diabetes are based on Bandura's social learning theory, which posits that behavior change occurs when self-efficacy for the behavior increases (Bandura, 1986) . As such, the proposed mechanism of change for these interventions is increased self-efficacy; however, few researchers have explicitly tested this. By examining self-efficacy as a mediator of treatment effects, we were able to determine whether the interventions worked as intended. In fact, in both the TEENCOPE TM and Managing Diabetes groups, improved self-efficacy mediated intervention effects on QOL. Self-efficacy is enhanced through role modeling and skill mastery, which were objectives of both Internet interventions. The TEENCOPE TM intervention focused on modeling coping skills using role models (e.g., how to effectively communicate with a teacher about diabetes), whereas the Managing Diabetes intervention included practice in specific diabetes management skills (e.g., calculating insulin adjustments). Thus, the two interventions may have improved self-efficacy in different aspects of diabetes management, both of which resulted in improved QOL. HbA1c at baseline (%) 8.4 (1.6) 8.2 (1.3) .14 As expected, the TEENCOPE TM intervention improved coping skills by encouraging adolescents to use more primary control coping (e.g., problem solving) and secondary control coping (e.g., positive thinking) strategies. TEENCOPE TM also reduced adolescents' reports of stress reactivity, which may reflect the use of strategies learned in the stress reduction module. Results of the mediator analyses of the Internet TEENCOPE TM program replicates outcomes from previous in-person group coping skills training groups, which also resulted in improved QOL (Grey et al., 2000) , and provide further support for the proposed model of adaptation. In an intervention for children of depressed parents, increased use of secondary control coping skills also mediated the effect of the intervention on psychosocial outcomes (e.g., depressive symptoms) (Compas et al., 2010) . Taken together, these results support the importance of teaching adaptive coping skills to youth with type 1 diabetes .
For adolescents who received the Managing Diabetes intervention, increased social competence mediated the effects of the intervention on QOL. This was somewhat surprising, given that the Managing Diabetes intervention did not target social skills. Perhaps by teaching diabetes-related skills in the context of healthy, positive images of teens with diabetes, youth who received this program had improved self-concept. This result, however, is in line with previous findings that social competence and positive self-concept were associated with better emotional well-being in youth with type 1 diabetes (Edgar & Skinner, 2003) .
Although diabetes-specific family conflict has a strong association with QOL (Laffel et al., 2003) and poorer metabolic control (Ingerski et al., 2010) , we did not find a decrease in family conflict to be a significant mediator of the effects of the interventions on either of these primary outcomes. There may have not been enough variation in the level of family conflict reported in our sample of early adolescents, who possibly had greater parental engagement in diabetes management than would be evident in an older group of adolescents.
Unlike in the original in-person Coping Skills Training groups (Grey et al., 2000) , we did not find a significant effect of the Internet intervention on metabolic control. There are several possible reasons for this discrepancy. First, the original intervention was conducted with older adolescents (ages 12-20, mean age ¼ 14), whereas the current study focused on early adolescents (ages 11-14, mean age ¼ 12). The decision to target a younger age-group was made to prevent the deterioration in adherence and metabolic control often seen in older adolescents before it occurs (Hegelson, Siminerio, Escobar, & Becker, 2009 ). Thus, results from the current study are more in line with the Coping Skills Training groups conducted inperson with school-age children (ages 8-12, mean age ¼ 10), in which we found no effect on metabolic control, but did show improvements in QOL, self-efficacy, and coping over 12 months for both the coping skills training and education interventions . Low rates of participation in the school-age groups (24% of those consented could not be scheduled for groups) were a driving factor for moving to online interventions. Although our effects may be smaller than in the original study, our potential reach is greater. Another difference was that the original coping skills training intervention included 6 weekly sessions, followed by monthly visits for 12 months. This is a significantly larger ''dose'' than what was included in the TEENCOPE TM and Managing
Diabetes interventions, which consisted of 5 weekly sessions. It is possible that a greater number of sessions or more booster sessions are needed to have an effect on metabolic control. Thus, although we did not find an improvement in metabolic control, the minimal increase in HbA1c over 12 months during this critical stage of adolescence may be seen as a positive outcome in this age-group. Contrary to other studies demonstrating that self-efficacy enhanced glucose control (e.g., Johnston-Brooks et al., 2002) , self-efficacy did not mediate intervention effects on HbA1c in our sample. This may be due to the relatively small changes in HbA1c over time.
Limitations
Although one of the strengths of the current study is the inclusion of a diverse group of youth from multiple sites, we did have relatively less enrollment of youth with low income . Further, results must be interpreted in light of moderate attrition (28%). Our use of intent-to-treat analysis, however, is a conservative approach to manage missing data. In addition, the use of multiple DCA2000s rather than a central laboratory assay for HbA1C may have limited our ability to detect changes in metabolic control. Alternatively, it is possible that the lack of change in metabolic control was due to limitations of the Internet programs. Finally, generalizability of findings is limited because our sample targeted younger adolescents from 11 to 14 years of age, specifically due to our focus on preventing the emergence of poorer outcomes that tend to occur later in adolescence, and many of the youth in our study were already in good metabolic control.
Clinical and Research Implications
Evidence from the current study supports that elements of both the educational and coping skills programs may be needed to improve some outcomes in youth with type 1 diabetes. The improvements in QOL resulting from the educational program (Managing Diabetes) suggest that developmentally appropriate education may be needed for early adolescents. Often, when youth are diagnosed at a younger age, diabetes education is directed at caregivers, and our results suggest that adolescents may benefit from further education and tailored problem-solving exercises during early adolescence. Similarly, the positive effects of the TEENCOPE TM intervention on QOL indicate that coping skills training can improve QOL in adolescents by increasing their use of adaptive coping strategies, such as problem solving and positive thinking. While these programs did not have a positive impact on metabolic control, we should not overlook the importance of QOL as an important measure of the impact of chronic illness on wellbeing (Ingerski et al., 2010) . Research on mediators is necessary to explore causal mechanisms, helping to develop and test theory and identify specific targets for interventions (Shrout & Bolger, 2002) . In the current sample, self-efficacy, coping, and social competence mediated the effects of the programs on QOL, suggesting that future preventive interventions should target these factors to see similar improvements. These results also lend support to our model of adaptation that hypothesized these mediators . To design the most effective and efficient interventions, more work is needed testing mediators of promising interventions and identifying which factors may be important to target. The current study is an important step in this work.
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